Sphingoid base derivatives have attracted increasing attention as promising chemotherapeutic candidates against lifestyle diseases such as diabetes and cancer. Natural sphingoid bases can be a potential resource instead of those by time-consuming total organic synthesis. In particular, glucosylceramides (GlcCers) in food plants are enriched sources of sphingoid bases, differing from ones of animals. Several chemical transformation methodologies from glucosylceramides to sphingoid bases have already investigated, however, these conventional methods using acid or alkaline hydrolysis are not efficient ones due to poor reaction yield, producing complex by-products and resulting separation problems. In this study, an extremely efficient and practical chemoenzymatic transformation method has been developed using microwave-enhanced butanolysis of GlcCers and large amount suppliable almond β-glucosidase for its deglycosylation reaction of lysoGlcCers. The method is superior to conventional acid/base hydrolysis methods in its rapidity, its reaction cleanness (no isomerization, no rearrangement) with excellent over-all yield.
major product (9-10). Besides acid or base-catalyzed hydrolysis, oxidative-reductive-hydrolysis method was also used to prepare ceramides from GlcCers and further to synthesize sphingosine by alkali hydrolysis (11), however the method is relatively laborious and N-acyl linkages of the GlcCer must be protected during the hydrolysis.
In this study, a novel chemoenzymatic method was developed to prepare sphingoid bases from various kinds of GlcCers with high efficiency. The first step is performed by an alkalicatalyzed hydrolysis reaction accelerated by microwave irradiation leading selective and efficient cleave of the amide bond to obtain lysoGlcCers. The second step is accomplished by an enzymatic hydrolysis of the ß-glycosidic bond in GlcCers by almond β-glucosidase for industrial use. The removal of the acyl chain will increase the hydrophilic character to increase accessibility toward its enzymatic active center of β-glucosidase. In fact, hydrolysis of original GlcCer from golden oyster mushroom (P. citrinopileatus) by almond β-glucosidase didn't work even after adding Triton X-100. Our strategy to increase accessibility toward the enzyme by removing the hydrophobic fatty acid chain by microwave-assisted efficient basic hydrolysis is quite unique and practical. Several sphingoid bases were successfully prepared in high yield by employing the designed method from a wide variety of GlcCers. This novel method provides a new way to prepare various kinds of sphingoid bases from GlcCers of dietary natural resources such as rice, wheat, and soy suitable for practical use. 
MATERIALS AND METHOS

Materials
Standard glucosylceramides mixture from golden oyster mushroom (tamogitake in Japanese), rice, wheat, and soy were purchased from Funakoshi (Tokyo, Japan). Cerebrosides from porcine brain (C18 galactosylceramide, purity >99%) were purchased from Avanti Polar Lipids (Alabaster, AL)). β-Glucosidase from almonds (Amygdalase from almonds), p-nitrophenyl glucoside, and p-nitrophenyl galactoside were obtained from Tokyo Chemical Industry (Tokyo, Japan). Defatted sweet-almond flour was purchased at Asahi Food Industries (Hyogo, Japan).
Ammonia solution (28% in water), n-butanol (>98%), Triton TM X-100 and ninhydrin spray (0.5% in n-butanol) were purchased from Wako Pure Chemical Industries (Tokyo, Japan), Potassium hydroxide and barium hydroxide were purchased from Nacalai Tesque (Tokyo, Japan). All the other solvents used of reagent grade were purchased from Kanto Chemical (Tokyo, Japan 
Extraction and GlcCer Purification
Dried methanol extract of golden oyster mushroom (100 g) was extracted between followed by addition of 20 mL of diethyl ether. The samples were shaken, vortexed and centrifuged to separate the phases. The upper ethereal layer was concentrated under vacuum, purified by silica gel chromatography by using chloroform/methanol/water (70/27/3, v/v. By using this method, sphingoid base 3 was also produced as a minor component in qualitative yield.
Method b (13): butanolysis. GlcCer 1 (100 mg) was dissolved in 4 mL of butanol and 4 mL of KOH (12.5M, aq.) was added. The reaction mixture was refluxed at 125˚C for 4 h and then cooled to room temperature. 5.3 mL chloroform/methanol/water (2/2/1.3, v/v) mixture solvent was added, followed by vortex-mixing, centrifuging. Chloroform phase was collected and the aqueous phase was extracted twice with 2 mL chloroform. Combined chloroform extract was concentrated under vacuum and purified by silica gel column chromatography by using chloroform/methanol/water (70/27/3, v/v).
Method c. Microwave-assisted butanolysis. GlcCer (50 mg) was suspended in 1 mL of butanol in a 2 mL screw capped microwave vial. 1 mL KOH (12M, aq.) was added and the reaction mixture was stirred under the microwave with high absorption at 125˚C for 60 min. After the microwave treatment, lysoGlcCer 2 (1-ß-glucosyl-4E,8E-9-methyl-sphingadienine) was extracted from the reaction mixture and purified by the same procedure as described in method b.
Enzymatic hydrolysis: Preparation of sphingoid base (3)
3 mL of β-glucosidase solution from almond (2 mg/mL in 0.1M sodium acetate buffer, pH = 5) was added to 6 mg lysoGlcCer (2) 
RESULTS
Characterization of GlcCer from golden oyster mushroom
GlcCer 1 was isolated from golden oyster mushroom by the method as previously reported (14) . The residue of chloroform extract was yellow oil of 64 g, which upon purification yield 2. 
Hydrolysis GlcCer by classical methods
Two classical methods a and b, were used for the preparation lysoGlcCer starting from
GlcCer. In the method a, 10% aq. Ba(OH) 2 was used for hydrolysis of GlcCer 1 resulting in lysoGlcCer 2 (1-ß-glucosyl-4E,8E-9-methyl-sphingadienine), with 50% yield and in this method sphingoid base 3 was also produced as a minor component with a qualitative yield (12) . Another method b using aq. KOH, hydrolysis of GlcCer 1 resulting in lysoGlcCer 2 with 65% yield.
However, these methods have major limitations in purification process and requires large amount of samples. And hence, these methods are practically invalid for small-scale preparations.
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Microwave enhanced butanolysis of GlcCer
Preparation of 4E,8E-9-methyl-sphingadienine from GlcCer 1 was performed by the twostep chemoenzymatic reaction ( Figure 2 ) as discussed below. Base-catalyzed hydrolysis of
GlcCers by classical methods (a and b) was limited due to poor yield. In terms of the barium hydroxide hydrolysis, removal of barium ion is quite challenging, which often causes purification problems by chelating with the product, and the yield of the desired product is low. The use of KOH water solution under reflux conditions didn't push the reaction towards completion and byproducts increased when the reaction was conducted for a long time under the same condition (9).
To solve these problems, the microwave method was used instead of classical reflux method to enhance the rate of reaction in a short period of time. GlcCer 1 was subjected to microwave assisted butanolysis under a different set of experimental conditions ( 
Hydrolysis of lysoGlcCer by ß-glucosidase
The idea behind the enzymatic reaction is the decrease of hydrophobicity will enhances the solubility of lysoGlcCer and thus accelerate the reaction. Also, it was thought that lysoGlcCer molecule could fit into the active site of the enzyme more rigidly than GlcCer. Hz) between H-4 and H-5 was observed, which confirms the geometry around its C4/C5 double bond is trans (E). The influence of enzyme concentration on the rate of hydrolysis, which is directly proportional to the reaction yield, was studied. At low concentration of the enzyme, hydrolytic rate was limited.
As the concentration of enzyme increases, reaction yield increases and reaches its maximum level (Figure 3) . When the ratio of enzyme and substrate is 1:1, the hydrolytic activity was found to be maximum, which was tending to the formation of products.
Application for preparation of various sphingoid bases
The accuracy and validity of the present chemoenzymatic method, employing microwave facilitated alkali hydrolysis followed by ß-glucosidase treatment, were confirmed with a variety of GlcCers from alimentary natural resources. The various commercially available glucosylceramide mixtures from rice, wheat and soy were purchased and hydrolyzed by this method to prepare their respective sphingoid bases ( Figure 4A ). All GlcCers hydrolyzed with more than 70% of reaction yield was calculated from their TLC data ( Figure 4B ) and the sphingoid bases obtained were characterized by ESI-MS (S9-S11).
To show the substrate specificity of used enzyme in our experiments, galactosylsphingosine prepared from galactosylceramide from porcine brain was used as a substrate for almond ß-glucosidase. Surprisingly, the reaction successfully gives sphingosine. In order to understand the extent of contamination of ß-galactosidase in this commercial enzyme product, further ß-glucosidase assay was performed using p-nitrophenyl (pNP) glucoside and pnitrophenyl (pNP) galactoside substrates and found the enzyme used is a mixture having ß-galctosiadse activity too. Results of this assay showed ß-glucosidase was 6 folds more reactive than ß-galctosiadse ( Figure 5A ) in the commercially available almond ß-glucosidase (total amount of protein: 363 µg/mL). This result suggests that the purification of the enzyme is not essential to do ß-glucosidase hydrolysis of lysoGlcCer. To improve cost-effectiveness of our method, sodium acetate buffer (pH = 5) extract of partially defatted sweet-almond flour was used
DISCUSSION
GlcCers could be acid/base hydrolyzed to generate sphingoid bases, however its application has been limited as result of the low yield by the reaction byproducts. In this study, we present a highly efficient chemoenzymatic method to produce sphingoid bases from GlcCers,
conveniently. This method is applicable to many GlcCers and is easily scalable even for largescale preparation of lysoGlcCers and sphingoid bases.
The chemoenzymatic method described in this work has several distinguishing features, which makes it a satisfactory method for production of a high-yield sphingoid bases from
GlcCers, in contrast to other previously reported methods. As discussed in earlier section, acid catalyzed hydrolysis of GlcCers could produce many kinds of by-products via rearrangements and isomerization reactions (8) . An intermediate product of base-catalytic hydrolysis reaction, a lysosphingolipid could be reduced its by-products formation in reaction condition of methanolic HCl, however; the isomerization reactions cannot be completely prevented (16) . Another chemical transformation has been examined by using an oxidative-reductive-hydrolysis method.
Preparation of sphingoid bases by oxidative-reduction-hydrolysis method has two drawbacks.
First, the essential three continuous reaction steps are not efficient. Second, phytosphingosine type of ceramides, which possess a vicinal diol group, is tend to be oxidized by a oxidation reagent, sodium periodate leading to complex reaction mixture (17) .
On the other hand, an enzymatic hydrolysis of GlcCer could be expected a mild, selective, and efficient method. In fact, a hydrolysis by ß-glucosidase from ox brain has been reported as a sole enzymatic method (18) . However, this method requires conversion of ceramides to sphingoid bases by either strong alkali hydrolysis or N-deacylase treatment. We have also carried out hydrolysis of GlcCer 1 using ß-glucosidase in presence of triton X-100, unfortunately reactions doesn't proceeds even after 48 hr incubation at 37 ˚C, pH = 5. It might be due to its low solubility, and its high hydrophobicity of GlcCer 1. This limitation make previously reported methods are inefficient for the preparation of sphingoid bases especially on large-scale. As it showed in examples, sphingoid bases were prepared only in qualitative yield under drastic conditions (5, 11).
In contrast, extremely high yield (83%) was achieved following simple two-step protocol for the preparations of sphingoid bases from GlcCer 1 in this report.
To the best of our knowledge, no efficient methods, which can practically prepare sphingoid bases from GlcCers, have been reported. In contrast, our two step protocol has many advantages compared with all the other methods as shown below. Since, deacylation was carried out under microwave assisted conditions in yield higher than 90%, all types of acyl chains were hydrolyzed without leaving any starting material for short period. Microwave is an emerging technique to accelerate reaction, this is the first example to apply to GlcCers hydrolysis reaction.
The specific cleavage of the glycosidic bond between glucose and sphingoid base portion in lysoGlcCer with a mild reaction conditions was employed using ß-glucosidase instead of drastic acid hydrolysis. The elimination of the acyl chains will increase accessibility toward its enzymatic active center of the β-glucosidase as well as enhancement polarity of the lysoGlcCer compare to GlcCer to dissolve in the aqueous phase. Furthermore, this method could be expanded for more complex glycosphingolipids such as lactosylceramides and gangliosides.
In summary, analysis and functional studies of naturally occurring sphingoid bases are an emerging area of lipid research and are promising drug leads (19) . A practically efficient method for the preparation of sphingoid bases starting from naturally abundant glucosylceramides was provided. In this study, the two-stage cleavage procedure for sphingoid bases preparation was performed on a medium and small-scale. However, this procedure have a potential to be expanded to large-scale experiments. This method is a simple, economical, and reliable, which is not required a limited amount of starting material and providing a suitable tool for convenient preparation and the proper analysis of sphingoids without interference of any artifacts. A. ß-glucosidase assay using standard ß-pNP glucoside and ß-pNP galactoside substrates, absorbance was recorded using Bio-Rad micro plate reader at 405 nm.
B. Hydrolysis of lysoGlcCer 2 by crude enzyme from almonds. The Lanes 1, 2, 3, 4, 5 are reactions at different concentrations of lysoGlcCer as 100 µg/mL, 250 µg/mL, 500 µg/mL, 1000 µg/mL. In each reaction, 1 mL of enzyme stock solution was used. i. lysoGlcCer 2 ii.
Sphingoid base (4E,8E-9Me-d18:2) 
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